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SPECIFICATION 
Immunotoxin conjugates 



a „d Jars. n. er J( «^*»« SSf^ridn A chain-amibod, conjugates are 

25 on subsets of normal lymphocytes. By de hrtwn nofl he ^o remove tumor cells 

ef a/.. Immunol. flev. 62, 1 1 9 i (1 1 982)]. ^ c ^ oxica , 

eo sni^^^^ ° r a bindln9 89em 
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,„ yet another aspect of the invention 
from a population of cells conta 'S^^^^^ for an antigenic 

a first conjugate 'ompns.ng an aff.n.ty b nd 'JO^JJ «J toxjn P B chain moiety an d a second 
determinant on such targe rtandJJ . jfic t0 a differ ent determinant on 5 
5 conjugate compnsins , a _ceU sur ace ^aff ™* *>™oxl A chain moiety. The mixture of such 
the same target cell and which is coupiec i xo nrovide d by the con ugate comprising a 

£,3 . cordate ^TmETSu-^. «*»*■ °°°«*"*?>° 15 

1 5 Ricin is one of a number of toxin £"XXftU dfflerent glycoprotein chains cooal.ntly 
toxicity towards cells. B.cin toxin « »™P»» ™ *" 0 S 3V0OO) is responsible for the 
linked via o single disulfide bond. ^'SSnC. Ricin B chain (AMW 32.0001 
toxicity caused by irreversible J^^SnSuST^Pm*" " 9 lyc0,l,>ld8 e*"™*,™ ,0 

ffltt^^-^3^?SSSS3i pertS.sis, tetonu, botulinum. 
pseudomonas. shigella, and di phtheria to*"? 8 . • the met hods of this invention each 

The ricin B conjugate and the ncin .A > con,ug rte J^'J.™ and a toxin A or B cha.n 25 

25 comprise two active moiet.es- a eel su .^"^ e _ c ^ , , n each composition, one of the 
subunit covalently joi^^ t0 a P surface structure of - 



active moieties is 



dy joined, preferably via a couphng agen j,„ - — - = ; tructure of a 

but not essential. Immunoglobulin taem "•J^JJ^^m contains a multitude of 
of target specificity. Since the immunog lobuhr .tract on ot a usefulness of the u 3! 

35 antibodies directed to a 3tS for eliminating target cells dictates the 

rd^Xe^s » a surface anti9emc 

determinant present on the P^^^"™ be obtained by passing the immunoglobulin 
An effective collection of such » J^"^^" chemically coupled to a matrix. 4 

40 fraction over a column containing Je respect. ve ant ge irnmunoglobulin 
Antibody specific to the ant.gen w.U I fe retained on wee ^ ^ column 

passes through. The retained antibody then c an be co flee y ^ ^ the 

suitable eluting agents, such as M . d «*™Swtig«i, is not homogeneous. It 
isolated immunologobul.n ahhough d ^'jSLnts present on the antigen < 

45 comprises antibodies directed I * .a fel^Slweactlon with other related antigens, 

molecule. Consequently, the possib Irty 'exists tor cross composit i ons 0 f this invention is 

Moreover, the use of monoclonj I ant bote 'n ^ C ° mP se|ectivity . Therefore, that both the 

^ToS^ monoc,onal antibody is hi9hly 

p^rffsi ensures a high ^^^llSfil- P"~« invention ' the US6 ° f 
55 The preceding paragraphs have .reference to one MJJ« ™ ^ he ricin A chain conjugate 
the same cell surface affinity ^^^J^^S^.t^^. «■ be attained, 
and the ricin B chain conjugate. A 8™^ r *9!^^ P S ^ J„ ark er8. one may be able to 
Because a normal or tumor ^''^rT^ch^te U Coupling each to an antibody directed 
target the ricin A and the ncm B ehaina to such cells Dy coup g rf g ne(jp| B cell 

60 against a different deter mm. nt on «^™» » ^•^Jbi against the sla andthe slg 
bearing both surface la (sla «™ 'Jf'ff' .'^ ricin A chain, respectively. In the case of T 
idiotype can be prepared with the ric.nl B cha " a ™ "™ £ h arfi react f ve with subsets of human 
cell tumors, a number of monoclonal; ^t.^od es ex.st wh o .are ^ A ^ rjci B 
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de fine the subset, and the second 

common to many subsets of cells. The B cham JJ^X* be de ?eted. In contrast, the A 

533^5? ttZSS&W™ - — ,d be potent,ated by B „ B 

reactive antibody-ricin A chair 'conjugate to um0 ^ s modulate . After the antibody-ncn A 
univalent, e.g. F(ab>A, ^'.J^^^^^Srt and the excess eliminated from the 
conjugate has been injected [^J^^2S^onX^ immunotox.n d.rected against 
10 recipient by excret.on or degradation a nor « c ™ , |s which had bound the first 

the antibody of the ricin A conjugate is in l ect ^ n n ' y n l ™ first Therefore, such cells would be 
mmunSoxin would focus the second «^SR^bM^ anti-antibody, such as a 
sTlTctively deleted. The second immunotox.n V™toWf«£a b pc rece p tors . 

Rab< -B which would not bind to H nonspecifically 1 5 

moieties, one of which afford «bm«Jijj J joined through a coupling reagent the 

(RS), whether ric.n A (RA) or r.c.n B (RB). inew ^ nce of a t least one of each class ot 

equipments of the resulting compos't'on bemg a) he p ^ ^ ^ ^ 

moiety, and (b) the retention .of _the mnat ^^'ty ot a compone ntfor use in 25 

25 Other toxin proteins may be s.m arly coupiea to < . » nejr structur e and mode of 

accordance with the present invention. Du ® to J h ®f' m " a 'de C cin, pokeweed mitogen factor 
Sn plant or bacteria, toxin ^^jSim, pseudomonas. shigella 
viscumin, and cholera, E. coh. ^£ b ™£^' be advantageous to couple the A chain 
and diphtheria toxins may be ut '"^ further it may wj » ^ conjugate of the 30 

30 from abrin. for example, to a cell surface Y ' jve binding agent mo.ety to 

nvention and the B chain from v.scum.n ^P'^ a plant protein toxin such as gelonm, 

the second conjugate^ It may to . -Jjjj £ coupled to the cell surface b.nd.ng 
which consists only of an A chain. J A to ^ ^ then ^ , conjugate 

ricin viscumin. modeccin ot abrin r „ mn „.i,i on s of this invention and those used in the 

™ n-eceordene. with these 'T^^^TSm^ °™> °< each <*» °! TtL- 
^.hod j*,^^"- or,e otass of ntoiety end one o. the other. ^ 

a heterobifunctional reagent is preferred. < ensuring t H s may be N-succin.m.dyl-3- 

of each class of moiety. Examples of such ^^^"J' ^^uccinimidyl ester, bromoace- 
^idySio)propionate(SPDP) 
55 tyl-p-aminobenzoyl-N-hydroxy-succin m.dyl ester o y ring a composition of this 

For example, using SPDP as couphng « jgent. ^ P^Vrs by reaction with SPDP, (b) 
invention comprises (a) separately mod ^j^maEn of the composition by mixing he Ab- 

60 Conjugates of this invention containing ricin B, wher , used in 

con'ugaS, nave genera. W'^j^i^Brf^ ^ he antJ enfc marker the ceH surface 
by particular antigenic markers. By appropnate select^ ^ neop|astlc cells 
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apy of cancer, for treating ^^^^^^Z^^e. 
diseases. Moreover, the compos* ons have* evera ' mgrrow transplantati on; 

and can be a^jnis^ ^ZtL^cce^ means 

1 o When administering fe conjugate "^"dL ~ rite ^~u. solutions or dispersions and 
cally-acceptable forms for injection may '^/"^.^^^^ions or dispersions. The carrier can 
sterile powders for reconstruction ^^^^^^er. ethanol. polyol (for example 
be a solvent or dispersing ^^S^^^S^IbMb mixtures thereof, and vegetable 
glycerol, propylene glycol, or 1 ^^^JSmDfe^ the use of a coating such as lecithin, by 

1 5 oils. Proper fluidity can be ^^^f^'^^ dispersions and by the use of 
the maintenance of the requ.re d part.c Jwun the case £ ° P pa rabens, chlorobutanol. 
surfactants. Various antibacterial and antrfungal age nts for examp p # for 

phenol, sorbic acid and ^^.^^ ^^^^^^Xfli be Sable. Prolonged absorption of the 

20 ttSS^^S ^ id* by the use of agents delaying absorption. 

fo SSeci== 

aorrn^roV^ 

Especially advantageous ^ to ^^ u ' a V e the J ^dosage form refers to a physically discrete 
ease of administrate and ""^V 0 **?^ b e treated Each unit contains a predetermined 
unit suited as umtary dosages f 0 ' ^""^^^^j therapeutic effect in association 
quantity of the composition calculated Ito produce the J™™™^ form is depe ndent upon . 

^ wt^S'SimHing examples are provided to further i.lustrate the invention. 
40 I. PREPARATION OF IMMUNOTOXINS 

45 ESfJS&r*! 2 -r™"^ /.d B^nsw.,. 50* - «... 
respectively. 

PBS. pH 7.2. Antibodies were coupled as described in Vrtetta. ei . ^ 
62: 1 59-1 83 (1 982). and Carlsson. ef *^^*m. £ » 73. 72J pa - n _ 
incorporated by reference, r , particulai the Jjjgdy «" ™ s «0 to t rature of 

60 succ£imydy|.3-(2-pyndyl)d« witn dithiotnrei to. in buffer 

coupled antibodies were m.xed with the freshly educed A or b e i g mjnutes ^ ^ wjth 



25 



30 



5 



GB2142 032A 



5 



concentrated to 1 mg/ml by pervaporation, dialyzed for 2-16 hours at 4"C against PBS, and 
centrifuged to remove insoluble material. The separation of the immunotoxin from the majority 
of free A chain, B chains and antibody was performed by gel filtration at 25 °C on a Sephacryl S- 
200 column equilibrated with PBS, ph 7.2. Material with an apparent molecular weight of 
5 greater than 200,000 was pooled. Reduced and alkylated bovine alpha globulin, fraction 4 5 
(Sigma), was added to a final concentration of 1 mg/ml to the pooled samples. The samples 
were stored 1 6-20 hours at 4°C prior to affinity purification. 

The RaHlg-A chain (RaHlg-A) and RaHlg-B chain (RaHlg-B) immunotoxins were purified by 
affinity chromatography on Sepharose-Hlg. For purification of the A chain-containing immuno- 

10 toxins, the columns were equilibrated and washed in PBS, pH 7.2 and for the purification of the 10 
B chain-containing immunotoxins, the columns were equilibrated and washed in PBS, pH 7.6 
containing 0. 1 M galactose. Samples were applied to the column and the fall-through was 
discarded. The columns were washed extensively in PBS (or PBS-0.1 M gal) followed by 0.85% 
NaCI. Immotunoxins were eluted batchwise at 37°C with 2-3 column volumes of 3.5M MgCI,. 

1 5 The MgCI 2 was removed by dialysis and the samples were concentrated by pervaporation to 15 
approximately 200-300 jug/ml. Reduced and alkylated bovine alpha globulin was added to a 
final concentration of 1 mg/ml. Samples were sterilized by filtration [on a filter prewetted with 
PBS 2% fetal calf serum (FCS)], and then aliquoted into sterile vials and stored at - 20"C. 
Samples stored in this manner were stable for up to 4-6 months. 

20 The recovery of the immunotoxin following affinity purification was 26-45% and each 20 
immunotoxin contained one or two A (or B) chain subunits per molecule of antibody. When 
immunotoxins were analyzed on SDS-PAGE slab gels using a sensitive silver staining technique, 
no free A or B chain in any of the immunotoxins was detected. 

25 II. USE OF RICIN B CHAIN CONTAINING CONJUGATES AND RICIN A CHAIN CONJUGATES 25 
IN THE KILLING OF NEOPLASTIC HUMAN B CELLS 

A. NEOPLASTIC CELL CULTURE 

The human Burkitt's lymphoma cell line, Daudi, as described in Houston, L.L., Biochem. 
30 Biophys. Res. Commun. 92:319-326 (1980), was maintained in suspension culture in RPMI- 30 
1 640 supplemented with 10% (v/v) fetal calf serum (FCS), 20 mM fresh glutamine, and 
antibiotics. Cultures were maintained at 37°C in a humid incubator with a 95% 0 2 /5% C0 2 
atmosphere. All cultures were used two days following subculture. 

35 B. TREATMENT OF DAUDI CELLS 35 
Two days after subculture, Daudi cells were harvested and washed in buffered saline solution 
(BSS). 10 s cells in BS were distributed into microtiter wells. Dilutions of each of the two 
immunotoxins, RaHlg-A and RaHlg-B. or combination of both, were added to triplicate wells for 
1 5 minutes at 4°C. Cells were centrifuged and washed three times in BSS. 200 /tl of RPMI 

40 lacking leucine and containing 10% FCS were added to each well and the cells were 40 
resuspended by gentle agitation. Plates were cultured for 22 hours at 37° in a 5% C0 2 
incubator. Cells were then pulsed for 6 hours at 37° in 5% C0 2 with 5 /iCi per well of 3 H- 
leucine (New England Nuclear). Cells were harvested onto glass fiber discs and counted in a 
liquid scintillation spectrometer. Cells were treated with each of the immunotoxins individually 

45 as well as the following combinations of immunotoxins: 45 

1. A nontoxic amount of RaHg-A (0.3 /ig/mg) plus different amounts of RaHlg-B, or 

2. A nontoxic amount of RaHlg-B (0.5 /xg/ml) followed by different amounts of RaHlg-A. The 
results are tabulated in TABLE 1 . 
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; of Cells Remaining After Treatment 
vs. 
Control 



Conjugated ) Used 



ITB* 
10 ITA** 

ITA + ITB (0.5 Mg/mD 

ITB + ITA (0.3 |jg/ml) 



0.03 


0.05 


0.3 


0.5 


1.3 


2.6 


83 


90 


100 


100 


90 


82 


100 


90 


82 




22 


18 


75 


40 


12 




6 




95 


64 


50 




20 


ic 



15 



*ITB = immunotoxin B conjugate (RaHIg-B) 
**ITA = immunotoxin A conjugate (RaHIg-A) 



As indicated in the Table, when Daudi cells were treated with 0.3 ^9 of RaHIg-A chain/ 10 
20 cells, little toxicity was observed. No concentration of RaHIg-B was toxic. However, when 0.3 M 9 
of the RaHIg-A was mixed with various combinations of 
RaHlq-B there was significant cytoxicity. It should be noted that this treatment of the Daud. 
cells with the mixture of immunotoxins was performed in BSS lacking galactose. As shown in 
TABLE 1 when Daudi cells were treated with 0.5 fig of RaHIg-B, no toxicity was observed, n 
25 contrast/the RaHIg-A killed the Daudi cells in a dose-related manner. However, treatment of 
cells with 0.5 /ig of RaHIg-B mixed wth RaHIg-A was toxic to the cells, even at those 
concentrations at which RaHIg-A itself was not toxic. , . 

Althouqh the conjugate compositions and methods have been described in terms of preferred 
embodiments, those skilled in the art will recognize that various changes may be made without 
30 departing from the intended scope of the invention. 

CLAIMS 

1 A conjugate comprising an antibody covalently coupled to a toxin B chain moiety. 
2. A conjugate as claimed in Claim 1 in which the antibody is specific for a cell surface 

35 a<*'9 e ^ conjugate as claimed in C | aim 1 Q r 2 in which the antibody is directed to a cell surface 

anjgen^of^tumor "'[^.^ jn C|gjm 1 jn whjch ^ antjbody js directea aga inst a second 

40 ant 5 b ° d A conjugate as claimed in any one of Claims 1 to 4 in which the toxin B chain is selected 
from ricin B chain, modeccin B chain, abrin B chain, pokeweed mitogen factor B chain, 
viscumin B chain, cholera toxin B chain, E. coli heat-labile toxin B chain, pertussis toxin B chain, 
botulinum toxin B chain, Pseudomonas toxin B chain, shigella toxin B chain or diphtheria tox.n 

45 B 6 ha "A conjugate as claimed in Claim 5 in which the toxin B chain is ricin B chain. 

1 A cytotoxin composition which comprises a first conjugate as claimed in any one of 
Claims 1 to 6, together with a second conjugate comprising an antibody covalently coupled to a 

t0 8° ^ompostSn as claimed in Claim 7 in which the second conjugate antibody is directed 
50 aqainst a cell surface antigenic determinant. „ , 

9 A composition as claimed in Claim 7 or 8 in which each of the first and second 
conjugates comprises an antibody having identical specificity to a cell surface ant.genic 
determinant. t . on ^ jn c)ajm ? of g jn which the first conjugate antibody is 

55 directed against a cell surface antigenic determinant different from the cell surface antigenic 
determinant to which the second conjugate antibody is directed. . .. 

11. A composition as claimed in any one of Claims 7 to 1 0 in which each antibody is 
specific for a tumor cell antigenic determinant. 

12 A composition as claimed in Claim 7 in which the second conjugate comprises an 
60 antibody specific for a cell surface antigenic determinant and the first conjugate comprises an 

antibody specific for the antibody of the second conjugate. . . 

1 3 A composition as claimed in any one of Claims 7 to 1 2 in which the toxin A chain is 
selected from the A chain moiety of ricin, abrin, modeccin, gelonin, pokeweed mitogen factor, 
viscumin, cholera toxin, E. coli heat-labile toxin, pertussis toxin, botulinum toxin, Pseudomonas 

65 toxin, shigella toxin and diphtheria toxin. 
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1 4. A composition as claimed in Claim 1 3 in which the toxin A chain moiety is ricin A chain 
and the toxin B chain moietv is ricin B chain. 

1 5. A pharmaceutical formulation which comprises a B chain conjugate as claimed in any 
one of Claims 1 to 6, associated with one or more pharmaceutically-acceptable carriers or 

5 vehicles therefor. 

16. A product containing an A chain conjugate as defined in any one of Claims 7 to 1 4 and 
a B chain conjugate as claimed in any one of Claims 1 to 6 as a combined preparation for 
simultaneous, separate or sequential use in therapy. 

17. An A chain conjugate as defined in any one of Claims 7 to 1 4 combined simultane- 

1 0 ously, separately or sequentially with a B chain conjugate as claimed in any one of Claims 1 to 
6 for use in therapy. 

18. A process for preparing a toxin B chain conjugate as claimed in any one of Claims 1 to 
6 which comprises covalently coupling a toxin B chain moiety to an antibody. 

1 9. A toxin B chain conjugate as claimed in any one of claims 1 to 6 substantially as 
1 5 hereinbefore described with reference to the Examples. 

20. A cytotoxic composition as claimed in any one of claims 7 to 14 substantially as 
hereinbefore described with reference to the Examples. 

21 . A process for preparing a toxin B chain conjugate as claimed in any one of claims 1 to 6 
substantially as hereinbefore described with reference to the Examples. 
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